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Reinforced Earth® Wall Supported by an Unstable Foundation
T. Schick, S. R. Neely and A. A. Joseph
Harding Lawson Associates, Houston, Texas

SYNOPSIS
This paper updates a paper presented in 1987 at a meeting of the Texas section of the
American Society of Civil Engineers. The 15-foot high, Reinforced Earth® Wall was constructed in
1981 to remediate slope instability at a site underlain by clayfconcrete rubble fill to a depth of
approximately 24 feet below the top of the wall.
Additional data are presented on vertical and
horizontal movements measured along the middle portion of the 350-foot long wall which has exhibited
the most movements.
INTRODUCTION
soil and concrete rubble fill; the latter could
not be penetrated during drilling because of
difficult access and the steep ground slope,
which limited the size of the drill rig that
could be used.

Although worldwide applications of Reinforced
Earth® include a variety of structural types,
the predominant use of the system in the
Houston area has been for highway structures.
One exception is a Reinforced Earth® wall (REW)
along Buffalo Bayou behind the One Woodway
Building. This wall is of particular interest
because of the instability of its foundation
material.

The investigation concluded that the slope
instability posed no immediate danger to the
building, although its future extension beneath
the building could damage the slab-on-grade
floor. The slide was unsightly and limited the
use of the area south of the building,
therefore, the building owner wanted to protect
the slope.

This paper updates the previously reported
performance of the REW described in the paper
"Reinforced Earth® Wall
supported by an
Unstable Foundation." The paper was presented
by Messrs. Tom Schick, P. E. and Steven R.
Neely, P.E. at the 1987 fall meeting of the
Texas section of the American Society of Civil
Engineers.

Among the alternatives recommended by HLA was
construction of a retaining wall.
Various
types of retaining walls were considered;
however, the concrete rubble presented obvious
constraints.
A conventional concrete wall
supported on the rubble could experience
unacceptable
differential
settlements.
Therefore, HLA recommended a Reinforced Earth
Wall.
The REW would require no drilling or
excavation of the concrete rubble, yet it would
be flexible enough to accommodate significant
differential settlement without damage.

PROJECT HISTORY
The project site is located on the north bank
of Buffalo Bayou, approximately ~ mile west of
West Loop 610.
Prior to 1975 the site was
undeveloped and subjected to uncontrolled
filling, primarily consisting of soil mixed
with construction debris and concrete rubble.
A five-story office building was built on the
existing fill in 1976.
The building is
constructed of reinforced concrete with brick
facing.
The bottom floor is a reinforced
concrete slab-on-grade floor which serves as a
parking garage.
we understand that the
building is primarily supported by isolated and
continuous spread footings founded on the
heterogeneous surface fill.
The south end of
the building facing the bayou is supported on
belled piers, reportedly extending into the
natural soils below the fill.
The piers are
supposed to be at least 45 feet below the
original ground surface.

REINFORCED EARTH WALL DESIGN
Reinforced Earth structures consist of a
granular backfill mass reinforced by galvanized
steel strips which are bolted to precast
concrete facing panels.
The frictional
interaction between the granular soil and the
reinforcing strips results in a soil mass which
acts as a gravity structure. The weight of the
structure must be great enough to resist
overturning moment and sliding forces.
The
typical ratio of width to height is 70 percent.
The Reinforced Earth system is flexible because
it is a
soil structure. ·
Its limiting
characteristic is its concrete facing, which
consists of a series of individual panels
typically measuring five feet by five feet.

In 1980, Harding Lawson Associates (HLA) was
consulted to investigate slope instability
between the building and the bayou.
HLA' s
investigation confirmed the presence of the
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six inches of outward movement and six inche
of settlement had occurred.
A program wa
initiated in the Spring of 1984 to monitor th
performance of the REW and the slope.

The panels create a network of 3/4-inch-wide
expansion joints as they are placed to form the
face of the wall.
These joints afford the
facing some freedom to move without damaging
the structure. This feature allows Reinforced
Earth to be used in a number of applications
which are subject to movement or vibration.

Field Instrumentation
The monitoring program included initiall
installing four inclinometers and seven sets o
horizontal displacement markers, and performin
periodic
elevation
surveys
and
visua
inspections of the REW.
An additional eigh
sets of horizontal displacement markers we:r
later installed to allow full monitoring of th
section · of
the
REW
where
movement
wa
oc;:curring.
Figure 1 shows the layout of th
field
instrumentation.
The
horizonta
displacement markers consisted of a series c
nails shot into the concrete parapet wall alor
the south side of the parking garage, with
corresponding series of nails on the top of tt
REW face panels.

The Reinforced Earth Company designed the 350foot-long, 15-foot-high wall to be .supported by
the concrete rubble layer.
The reinforcing
strips were 14 feet long, thus establishing the
weight of this gravity structure.
To prevent the migration of the granular
backfill into the voids in the rubble, a high
strength geotextile was specified as a barrier
between them. Surface voids in the rubble were
required to be filled with clay before
placement of the geotextile.
Discussions with the Harris County Flood
Control
District
indicated
two
concerns
regarding the potential level of Buffalo Bayou
during flood periods.
The first concern was
the potential for scour; this was mitigated by
specifying rock rip-rap along the toe of the
REW.
The other concern was the potential for
overtopping the REW (and the granular backfill
mass) .
During receding of high water, the
backfill would need to drain freely. A coarser
backfill than required for "dry" reinforced
earth structures was therefore specified to
allow proper drainage.

Figure 1. Layout of Field Instrumentation

REINFORCED EARTH WALL CONSTRUCTION
Baytex Construction Company began construction
of the wall in August 1981. Since the distance
from face of the wall to edge of building was
only 22 feet, the excavation for the 14-foot
strips was difficult.
The contractor staged
the construction to limit the exposure of the
20-foot-deep excavation.
Observations

Construction followed the normal process of
erecting panels and placing granular backfill
until late August, when torrential rains raised
the level of Buffalo Bayou, and water inundated
the ten-foot-high wall section which was inplace.
As the flood water receded, it was
apparent the wall structure was intact.
The
greatest threat was the effect of saturation on
tl;te . f.ace
of excavation; ' fortunately,
no
s~gn1.f1.cant sloughing resulted.
After allowing
time for the granular backfill to drain,
consi:ruction resumed. The wall was essentially
completed in October 1981.

Comparison
of
data
obtained
from
th
displacement
markers
and
inclinometer
suggested that the inclinometers did not full
penetrate to a point of fixity.
As a result
reading of the inclinometers was eventuall
discontinued.
Since monitoring began in Jun
1984, several sets of field measurements an
elevation surveys have been performed.
visual inspection of the concrete face panels
tension
cracks
and
scarp,
and
adjacen
structure was performed each winter when th
foliage permitted observation.
The REW has moved outward approximately 1
inches and settled approximately 20 inches i
the. area of greatest wall movement since th
start of monitoring.
Including the estimate
movement that occurred prior to the start o
monitoring, the wall has experienced a total o
approximately 24 inches of outward movement an
26 inches of settlement. To date, the wall ha
accepted and adjusted to these movements ver
we~ 1.
Oth7r than some minor relandscaping, n:
maJor repa1.rs have been required.

MONITORING PROGRAM
Background
In September 1983, two years after the wall had
been completed, heavy rains and flooding caused
ti;te :-'ater level in Buffalo Bayou to rise to
w~thl.n one foot of the top of the REW.
After
the water leve~ in the bayou receded, a 100foot-long sect1.on of the REW was observed to
h~ve.sagged ~nd rotated.
Tension.cracks up to
s~x 1.nches Wl.de, and a four- to ten-inch-high
scarp developed.
At that time, an estimated
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REW.
The most accelerated movements occurred
between May and July 1987 and between May and
June 1989; the cumulative rainfall was 25
inches and 30 inches, respectively.

Due to the wall movement, several joints
between the face panels have closed and are now
in contact with each other.
Some cracked
panels
exist
in
the
area
of
greatest
differential movement, although none are so
severely cracked as to cause a breakup of the
face and loss of the granular backfill.
Tension cracks which developed behind the wall
have been periodically filled and the area
landscaped.

To further investigate the nature of the REW
movements, elevation surveys of the face panels
have been conducted periodically since 1984.
Figure 4 illustrates the development of the REW
settlements since December 1984. Note that the
area of the wall experiencing the greatest
settlement (marker location 58) coincides with
the area of greatest outward movement shown in
Figure 2.

Figure 2 illustrates the deflected shape of the
REW in plan view,
based on measurements
obtained from the displacement markers and
referenced to the 1987 datum. The displacement
markers have proven to be a quick and costeffective means of monitoring the outward
movement.
Movement versus time for three
selected displacement marker locations within
the area of greatest wall movement and rainfall
data are plotted in Figure 3.

Figure 4. Summary of REW Elevations/Settlement
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Figure 2. Deflected Shape of REW in Plan View.
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Since the construction of the REW in 1981, the
wall has moved outward approximately 24 inches
and settled approximately 26 inches.
The
monitoring data indicates continued creep
movement which is mostly confined to an
approximately 150-foot-long section of the wall
that generally coincides with a former slide
area. Accelerated rates of wall movement have
been experienced during periods of extensive
rainfall and flooding in Buffalo Bayou.

1.2 13 14 15

Displacement Marker Number on REW

Figure 3. Movement vs. Time
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To date, the wall has accepted and adjusted to
this movement very well and has performed as it
was originally intended (i.e., to remediate the
previous slope instability while offering
flexibility to adjust to some future movement).
The building structure is not believed to be in
danger since its foundation system of belledpiers extends below, and appears to be outside
of, the estimated zone of movement.
Presently,
there
is
insufficient
data,
particularly regarding subsurface conditions,
to identify the exact cause of the continued
movement.
Possible causes for the continued
wall movement include:

These plots indicate that wall movements
accelerated during periods of heavy rainfall.
During such periods, Buffalo Bayou was observed
to either overtop or be close to the top of the
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1.

A deep-seated progressive slope movement
beneath the wall;

2.

Settlement due to erosion of soil from the
concrete rubble fill that underlies the

3.

A hydrostatic pressure build-up in the
fill underlying the wall, resulting in a
loss of shear strength of the supporting
soils; or

4.

A

localized bearing failure
materials supporting the wall.

of

the

We believe the wall can experience several more
inches of creep movement, and possibly feet,
before distressing the face panels to the point
where repair or replacement will be required.
However, qlobal instability may occur before
this.
In addition to continued monitorinq, further
study has
been proposed to develop a
contingency plan to deal with future movements.
Key
items
in
the
proposed
additional
investigation/ instrumentation include:
Drillinq a test boring and installing an
inclinometer in front of the wall, out
from
displacement
marker
SB,
to
investigate subsurface conditions below
the wall and to see if the toe of the
slope is moving;
Establishinq five survey control points· on
the slope in front of the wall; both
elevation and horizontal control would be
surveyed to see if the toe of the slope is
moving;
Increasinq the frequency of reading the
displacement markers to once a month. The
results. would be compared to rainfall and
bayou staqe level records. The remaining
instrumentation (inclinometers and survey
control points) will continue to be
monitored quarterly; and
Investiqating
the
alignment
and
orientation of the metallic reinforcing
strips using geophysical methods.
This
will help evaluate the integrity of the
REW.
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